The Chang'e-4 (CE-4) lunar rover, equipped with The Visible and Near-IR Imaging
Introduction

25
The Chang'e-4 (CE-4) lunar rover is the first man-made aircraft launched to the far side of the 26 moon, and its rover (Yutu-2) is equipped with an Visible and Near-IR Imaging Spectrometer(VNIS),
27
which is used to analyze the composition of lunar surface minerals, and inherits form the Chang'E-3 28 Lunar Rover's Scientific Payloads [1] . The VNIS is a spectrum detector based on AOTF 29 spectroscopy [2] , and it has two detection channels -visible near-infrared(VIS/NIR:450~950nm) and simultaneously. Figure .1 shows the components and basic principle of the VNIS, and Table 1 58 presents the main Specification of the VNIS. In order to improve the sensitivity of the SWIR channel 59 of the VNIS, a static electronic phase-locked acquisition method is adopted to realize the high 60 sensitivity in the SWIR channel. 
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CE-4 infrared imaging spectrometer
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The optical system of the VNIS in the infrared channel is shown in figure. 2. The target input rays enters into the instrument through an imaging lens and, after being collimated into a parallel 
85
Due to the low albedo of the lunar surface, the two channels of infrared monochromatic light
86
after AOTF diffraction are very weak. In order to improve the ability to detect such weak light, a 87 static electronic phase-locked acquisition method is adopted.
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As shown in Figure. 
The signal acquisition model of infrared spectral
105
The phase-locked amplification method of infrared channel electronics is introduced in section 106 2.3. In this section, we will further discuss the infrared channel information flow model and signal 
140
The above model describes the mechanism of the infrared channel signal generation of the VNIS.
141
At the forefront of the model, the infrared detector produces a photo-generated signal current I(λ)
142
due to receiving infrared light energy P(λ).The model aims to enhance the sensitivity of the infrared 143 channel. Based on the above information flow model, the source of the photo-generated current I(λ)
For the lunar surface spectral detection model，the solar radiation is transmitted to the surface 146 of the moon through the space, and the surface of the moon can be approximated as a Lambert body.
147
The target energy P(λ) received by the VNIS can be expressed as
where E represents the spectral irradiance of the sun near the lunar surface, D0 is the optical 149 aperture, Ω is the instantaneous solid angle of observation, τ0 is the optical system efficiency, θ is the 150 solar elevation angle, Δλ is the spectral resolution, and ρ is the lunar albedo.
151
Generally, the target energy P(λ) is determined after the instrument system parameters are 
Laboratory testing and evaluation
180
After the information flow model is established and the system signal-to-noise ratio is analyzed,
181
the signal characteristics and signal-to-noise ratio of the instrument are tested in the laboratory.
182
Shown in Fig. 7 is a photo of laboratory testing, where the light source is a searchlight and the target 183 is 90% reflectivity calibration plate. Fig. 8 shows the original digital number (DN)values of 300 184 infrared spectral bands, and the signal-to-noise ratio at 1.7μm is about 500(the signal DN is 1600, and 185 the noise DN is about 3.2). This is slightly different from the value (600) given in Section 3.1, because albedo is about 9%. According to the obtained raw data, the signal-to-noise ratio at 1.7μm is 218 calculated to be around 470, which is basically consistent with the prediction in Section 3.1 (Fig.6) .
219
This test validates the proposed AOTF system infrared spectral information processing model based 220 on phase-locked amplification technology and also verifies the high sensitivity of the lunar surface 221 weak infrared signal detector. 
224
The VNIS is used to detect lunar surface objects and the optical axis of the VIS/NIR channel and SWIR
225
channel is paralleled each other at an 18 mm distance [10, 11] . The FOVs in the VIS/NIR and SWIR are 
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